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Abstract
This study estimates food supply for honeybees in Ann Arbor, MI to examine if the current 
ordinance allowing two beehives by resident is appropriate. The study included analysis at 
the landscape and local scale. National Land Cover Data (NLCD) were used to map the 
current landscape, including natural and developed areas. Normalized difference vegetation 
index (NDVI) was used to map vegetation density and health within the Ann Arbor city 
limits. Cost distance analysis was used to estimate the distance pollinators can travel given 
the presence of building, roadways, and waterways. Data at the local level on pollinator 
species were obtained at eight private gardens owned by beekeepers. Results from NLCD 
mapping indicates the presence of 22.5 square miles of developed open space, low, and 
medium intensity areas, which equates to available food to supporting 0.09 hives per 
resident. NDVI mapping indicates the presence of 19.5 square miles of medium and high 
vegetated areas, which equates to supporting 0.08 hives per resident. Cost distance analysis 
shows that barriers do not constitute an impediment for bees, which are able to at least move 
0.20 miles to search for food sources. From monitoring eight gardens, butterflies and 
hoverflies (Eupeodes spp.) were the most abundant with 40 individuals observed in 1.5 hours 
observation by property. This preliminary analysis suggests that the current ordinance is not 
appropriate. Ann Arbor should implement an ordinance that considers food available to bees 
and other pollinators and that requires a permit as in Ypsilanti, where property owners of 
single-family and two-family homes need to obtain a permit to have beehives. The main 
shortcoming of this study is the small number of gardens monitored for ground truthing the 
food availability estimates obtained at the landscape analysis and evaluating competition by 
other pollinators in the study area. To conduct a sound evaluation of how many beehives can 
be sustained, it will be necessary to monitor a representative number of urban gardens.  
 Introduction
Bees are essential for human survival and growing concern over signals of bee 
declines is leading to an increase in beekeeping. The absence of natural pollinators can be 
compensated by introducing taxa, such as honeybees, if populations could be relatively stable 
in terms of their reproductive output. And thus, concern for bees among the general public 
has led to increases in the numbers of beekeepers in urban centers and augmentation of 
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habitat for bees including the addition of both food (bee-friendly plants) and nest sites (bee 
hotels). In 2009, First Lady Michelle Obama installed a hive at White House, helping to spur 
a nationwide urban and suburban beekeeping movement. While beekeeping is beneficial, the 
increasing popularity of apiculture has resulted in some cases in the saturation of urban 
environments with extra pollinators.
There has been a long history of beekeeping around the world. For example, there are 
hieroglyphics that have been dated by archeologists to be roughly 4,500 years old (Kritsky, 
2013). Honeybees were introduced to the United States as early as 1622 (Oertel, 2020).  
Beekeeping has become a popular hobby over the years in the US. There was an estimation 
of between 115,000 to 125,000 beekeepers in the United States in 2001 (National Honey 
Board, 2014).
To establish beekeeping regulations in urban areas, consideration of bee feeding 
ecology, foraging behavior and food accessibility is necessary. One bee can visit 50 to 100 
flowers in a single collection trip (American Bee Journal, 2016). In the absence of obstacles, 
honeybees can travel up to 0.25 miles from their hives. Each honeybee hive can hold 
between 20,000 and 80,000 bees (Orkin, 2020). Several landscape features constitute barriers 
for bees to access available food. Buildings, wide roads, wide-open waters, and other paved 
grounds are considered barriers that prevent pollinators from gaining access to vegetation 
(Johansson et al. 2019). 
One of the problems that honeybees and other pollinators face is food scarcity.  Bees 
make honey from nectar and use pollen for their protein source. Some examples of pollinator 
food sources are clover, maple trees, flowering plants, grasses, and many other plants. 
Landscape changes due to development and urbanization, including loss of prairies, 
meadows, and other natural areas, cause these essential habitats and food sources to become 
less available or accessible.  In urban landscapes, honeybees tend to spend more time 
searching for food in areas where they have easy access to nectar and pollen (Wojcik & 
McBride, 2012). Flight range of the bees varies due to body size and foraging energy.
Another factor that decreases food availability for pollinators in urban areas is the 
increasing temperature and water stressors. Urban heat islands (UHI) are metropolitan areas 
that are considerably warmer than the surrounding areas. Surrounding urban temperatures 
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escalate the concentration of pollutants which can increase health and environmental 
problems (Santamouris & et al. 2015). Some reasons for the UHI phenomenon are less 
vegetation, darker surfaces, and low heat capacities of city materials. Water stressors include 
both drought and flooding. Temperature and water stresses decrease the plants’ ability to 
produce nectar (Descamps & et al. 2018). With less nectar, there is less food for pollinators. 
Effects of climate change increase temperature and water stresses. Some cities are alleviating 
these conditions by implementing green infrastructure. For example, vegetation plantings, 
bioswales, rain gardens, and green roofs could be considered green infrastructure and could 
help increase pollinator habitats.
Climate change can contribute to less food for bees and pollinators in general, 
decrease in abundance, increase the chances of becoming threatened or extinct, and 
asynchrony between pollinators and flowers. Asynchrony occurs when species are present at 
different times. With warmer temperatures, plants are blooming an average of twelve hours 
earlier each year, but bees are not hatching any earlier (Bradford, 2018). This asynchrony 
causes less food for pollinators and decreases the reproduction of the plants. With fewer 
pollinators because of multiple factors of food availability and habitat destruction, whole 
ecosystems can become affected. Pollinators keep the primary producers living and 
reproducing, which is the basis for all food webs. A third of the agriculture in the US 
depends on pollinators (Gillis, n.d.). According to the IUCN Red List (2019), thirty species 
are globally listed as endangered or critically endangered while there are six species listed in 
the United States. 
Another factor that can harm pollinators is the use of neonicotinoid pesticides, widely 
used in agriculture. Neonicotinoids are hydrophilic, slowly kill bees over time, and decrease 
the reproduction of the queen (Dengler, 2017).  Neonicotinoids make their way easily into 
waterways through agricultural runoff. When neonaticides are mixed with fungicides, they 
cause bees to die with half of the amount of neonicotinoids. Bees are more likely to 
encounter fungicides.
When it comes to beekeeping, many stressors can cause an entire hive population to 
die, such as mites, starvation, mold, or Nosema disease. There are precautions that can be 
taken to help prevent these problems from happening (PaDIS, 2016). Precautions include 
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transporting bees to a different hive and thoroughly cleaning it with safe cleaners, or using 
oxalic acid in a fogger, which treats mites. Fogging the hives with oxalic acid might take up 
to four times of treatment to fully get rid of the mite infestation because it does not kill the 
mites that are still in brood cells (Beekeep Club, 2020). 
The State of Michigan does not have many regulations about beekeeping. Beekeepers 
can transport their bees or hives into the State of Michigan (Milbrath, 2016). There are no 
regulations about the registration of hives but there is a volunteer registration program called 
BeeCheck (FieldWatch, 2020). Beekeepers are protected from nuisance complaints under 
Michigan’s Right to Farm Act (Milbrath, 2016). Cities and townships set forth regulations 
concerning beekeeping in urban areas. The only regulation or ordinance for Ann Arbor about 
beekeeping or bees is the current mandate that establishes that “no person shall keep or 
possess an apiary containing more than two stands or hives of bees within the city limits'' 
(Bailey, 2017). Beekeepers should be aware of local rules and ordinances pertaining to 
beekeeping because regulations change from city to city and even state to state.
This study aims to determine a way to quantify food availability for honeybees and 
native pollinators in an urban setting in select areas in Michigan. In particular, it seeks to 
evaluate if the ordinance of two stands or hives of bees in the city limits of Ann Arbor is 
appropriate given food availability and accessibility for pollinators. In order to accomplish 
this goal, the study used groundcover data to estimate the distribution, quality of food 
available and obstacles to access food at a landscape scale, and monitored gardens with 
beehives for plants and pollinators to estimate plant availability and total consumption at the 
local level.
Methods
To estimate food availability and accessibility for honeybees and native pollinators in 
an urban area in southern Michigan and evaluate appropriateness of the Ann Arbor beehive 
ordinance, I conducted work at the landscape and local level. I estimated i) availability of 
food at a landscape scale based on vegetation cover using GIS/remote sensing data, including 
National Land Cover Database (NLCD) data and normalized difference vegetation index 
[NDVI], ii) food accessibility by conducting a cost distance analysis, and iii) food 
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availability at the local scale by monitoring vegetation and presence of pollinators other than 
honeybees at the beekeeper’s properties. 
To obtain data at the local scale, I solicited the help of Mid-Michigan Beekeepers and 
Ann Arbor Backyard Beekeepers. I conducted a survey and solicited permission for property 
monitoring. Surveys were passed out at their regular meetings. I focused on properties with 
hives, including areas outside the city limits. The data collected were the number of 
pollinators and areas covered by vegetation.
Food Availability: Land Cover
 To estimate the food availability at a coarse level, I used an existing map by the 
National Land Cover Database depicting different types of landscape features in Ann Arbor 
(NLCD, 2016).  The land cover data was used to identify areas with greater potential of food 
availability for pollinators, such as areas with relatively low amounts of development. The 
main land cover types considered in this study are i) developed open space, ii) developed low 
intensity, iii) developed medium intensity, and iv) developed high intensity. See Table 1 for 
descriptions of each land cover type as defined by Multi-Resolution Land Characteristics 
Consortium (NLCD,2016).




Areas with a mixture of some constructed materials, but mostly 
vegetation in the form of lawn grasses. Impervious surfaces account for 
less than 20% of total cover. These areas most commonly include large-
lot single-family housing units, parks, golf courses, and vegetation 




Areas with a mixture of constructed materials and vegetation. 
Impervious surfaces account for 20% to 49% percent of total cover. 
These areas most commonly include single-family housing units.
Developed 
Medium Intensity
Areas with a mixture of constructed materials and vegetation. 
Impervious surfaces account for 50% to 79% of the total cover. These 
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areas most commonly include single-family housing units.
Developed, High 
Intensity
Highly developed areas where people reside or work in high numbers. 
Examples include apartment complexes, row houses and 
commercial/industrial. Impervious surfaces account for 80% to 100% of 
the total cover.
The National Land Cover Data (NLCD) was retrieved from arcgis.com, which was 
available for the University of Michigan students. With ArcGIS Online, organizations, like 
the University of Michigan, are able to share data among students or faculty if they know the 
organizations URL and their personal login. The original source of the 2016 NLCD is the 
Multi-Resolution Land Characteristics Consortium (mrlc.gov), from which the data is 
publicly available. 
To estimate the area, the number of pixels for developed open, developed low 
intensity, developed medium intensity, and developed high intensity can be count by 
selecting the categories in the attribute table and have the statistic feature count the selected 
pixels. Once the pixels are counted, then multiply the number of pixels by pixel size. The 
area of one pixel is 900 square meters because the resolution is 30 meters by 30 meters.
Food Availability: Normalized Difference Vegetation Index
To estimate food availability, I used the normalized difference vegetation index 
(NDVI). NDVI is a measurement of how green the top layer of Earth’s crust is and shows 
how lush and healthy vegetation is, which can be a proxy for food availability (Levy, 2000). 
Calculations are done using the following equation:
NDVI = (NIR -RED) / (NIR + RED)
where NIR is the near infrared band and RED is the red visible light. These two bands 
are important in plant health because NIR is reflected while red light is absorbed. A value 
close to positive one means the area is denser and greener than other values (Levy, 2000). 
 The greenness of a pixel helps visibly see the difference between areas of high and low 
vegetation, with greener pixels corresponding to higher amounts of vegetation. I downloaded 
the data from ESRI’s Living Atlas, which had the NDVI already calculated and I clipped it to 
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the Ann Arbor boundary layer (ESRI, 2020b). This NDVI is calculated by ESRI using the 
latest available National Agriculture Imagery Program (NAIP) that has NIR. The NDVI 
values can range from negative one to positive one. NDVI was broken up into sparse to no 
vegetation (anything less than 0.1), medium (0.2-0.5), and high (0.6-0.9) vegetation based on 
NDVI values (Brown, 2018). Medium vegetation corresponds to shrubs and grasslands while 
high vegetation corresponds to forests. 
To estimate the area, the number of pixels for each category, which can be done by 
selecting the categories in the attribute table and can have the statistic feature count the 
selected pixels. Once the pixels are counted, then the number of pixels by pixel size are 
multiplied. The pixel resolution of the data is one meter, which has an area of one square 
meter. With this resolution, the precision of seeing what is available becomes clear and 
accuracy of how healthy vegetation is, can be considered (EOS, 2020).
Food Accessibility: Cost Distance Analysis
To evaluate potential barriers for pollinators to food accessibility, I considered the 
height of buildings, and width of roads and waterways in the study area. With vertical 
accuracy as good as ten centimeters, models were used to determine height of buildings that 
constitute barriers to food access. The energy it will take the pollinators increases with height 
as they have to either go around or above the building. Energy to bypass the barriers is 
considered a cost to the pollinators because it costs energy to move (Adriaensen et al. 2003).  
To determine building elevation, I used high-resolution digital elevation models 
developed with LiDAR (Light Detection and Ranging) data obtained from Washtenaw 
County via USGS (Sanborn Map Co., 2020). The LiDAR data were first downloaded and 
clipped to the Ann Arbor city boundary. Then data were converted into raster data so that 
elevation of buildings could be displayed. Next, the LiDAR data were reclassified from 
elevation into ten unitless categories representing the categories that can be used in the cost 
distance analysis.  Reclassification is used to change the interpretation of raster data by 
changing values or ranges into one value (ESRI, 2020a). The reclassification was used to 
break the elevation span into ten categories that range from least costly (low height) to most 
costly (tallest height) for food accessibility for pollinators. 
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The State of Michigan’s GIS Open Database is where GIS data for roads, streams, 
and lakes were obtained (State of Michigan, 2020). Streams and lakes were joined into one 
waterways dataset. The streets and waterways were converted into raster datasets. Similar to 
the building height, data were classified into ten contiguous categories from least costly to 
most costly. Waterways were categorized from the width of waterways into least costly 
(small surface area) to most costly (largest surface area). Roads were categorized from the 
type of road present into least costly (dirt roads) to most costly (highways) based on the 
column called National Functional Classification (NFC) that was in the attribute table of the 
downloaded layer file. An attribute table is a tabular file that contains information pertaining 
to the feature (ESRI, 2020a).  After features were categorized, they were weighted based on 
particular criteria, which roadways were weighted by a factor of 0.5, elevation by 0.35, and 
waterways by 0.15. These criteria were based on a previous study that used expert opinions 
(Johansson et al. 2018).
The cost distance analysis was conducted using a raster calculations tool in ArcGIS 
Pro to add the roads, buildings, and waterways raster datasets into one dataset. The cost 
distance analysis was used to calculate the least and most costly distances that pollinators 
could travel with barriers present (ESRI, 2020c). The output was then placed into a map.
To illustrate how barriers need to be considered in estimating food accessibility for 
pollinators, eleven community vegetable gardens were selected at random from the Ann 
Arbor Project Grow’s website (Project Grow, 2014). The locations of these community 
gardens located in Ann Arbor were used as reference points for estimating cost distance in 
our analysis of food availability (Figure 1).  The eleven community gardens included are: 
Lakewood Elementary, Buhr Park, Ann Arbor Independent Living, Clague Elementary, 
County Park A, Chapel Hill Condominiums, Zion Lutheran Church, Community Support and 
Treatment Services, Northside Community Center, Hillside Terrace Retirement Community, 
and Wines Elementary.
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Figure 1. Location of Community Gardens in Ann Arbor, MI, used in the cost distance 
analysis.
Figure 2. Gardens around Ann Arbor. a) 
A vegetable garden to show that there is a 
fence to prevent grazing animals from 
eating the vegetables. b) A Vegetable 
garden showing the different rows of 
vegetables. c) Different vegetables are 
present d) Marigolds deter pests like 
nematodes and deer.
Ground Truthing of Beekeeper 
Properties
To ensure the GIS/remote sensing data matched up with what is on the ground, I 
monitored beekeepers’ gardens in urban areas. To reach beekeepers and solicit permission to 
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monitor the gardens, I attended meetings with Mid-Michigan Beekeeper Club and Ann Arbor 
Backyard Beekeepers (A2B2) and distributed surveys. The sessions were held in the 
auditorium of the Matthaei Botanical Gardens in Ann Arbor and at City Hall in Otisville, MI. 
Most of the gardens were in rural and suburban areas but they were considered 
representatives of gardens in Ann Arbor. I collected data at the beekeeper’s properties, which 
included tallying abundance of pollinators and food availability (gardens, potted plants, 
stand-alone trees, and near forested areas). 
Ground Truthing: Surveys
The purpose of the surveys was to solicit permission and to gain preliminary 
information on their properties. Survey questions were about how long they have been 
involved with beekeeping, the number of hives on their property, the size of their gardens in 
square feet, and their willingness to have a visit to observe the colonies (Table 2). Sixty paper 
surveys were passed out at both club meetings but only forty-nine surveys were returned. 
Members who agreed to a visit to collect data on their gardens were contacted over email to 
plan logistics to conduct the research.
Table 2. Survey passed out to the people at Mid-Michigan Beekeeper’s Club and Ann Arbor 
Backyard Beekeepers meetings.
Questions
Where is your beehive(s) [city]? City Location
Rural, Suburban, and Urban Setting? Rural, Suburban, or Urban
How many beehives do you have? Numeric
How many bees do you have per hive? If you currently 
don't have beehives, did you in the past? Numeric
How would you rank the health of your beehives?
(1-5) 5= perfect health, 1= mass die off from 
illness
Do you see other pollinators in your area? If so, what 
pollinators besides honeybees do you see?
Yes or No, example butterflies, 
hummingbirds, ants
How often do you see the other pollinator? never, always, sometimes
Allowed to Observe? Yes or No
Contact Info (name) Name
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Email email address
Ground Truthing: Abundance Data
I collected data on species of insects and spiders at properties of four members of the 
Mid-Michigan Beekeepers Club and four from Ann Arbor Backyard Beekeepers to identify 
and quantify pollinators that are in competition for food with honeybees and evaluate 
vegetation that constitute food sources (Table 5 & 6). Monitoring at each site was conducted 
for about an hour and a half. Most insects and arachnids were classified within broad 
categories: butterflies, gnats, spiders, and mud daubers. The other insects like Parenthesis 
ladybug (Hippodamia parenthesis), Asian lady beetle (Harmonia axyridis), hoverflies 
(Eupeodes spp.), horseflies (Stomoxys calcitrans), bumblebees (Bombus pensylvanicus), 
mason bees (Osmia spp.), and bald-faced hornets (Dolichovespula maculata) were identified 
down to the species. They were all counted by direct observation. Trapping was not involved. 
The number of flowerpots, vegetable/flower gardens, and stand-alone trees on the 
properties as well as nearby forests were noted (Table 6) as potential food sources for bees 




Based on National Land Cover Data, Ann Arbor has 8.4 square miles of developed 
open space, 8.9 square miles of developed low intensity, and 5.2 square miles of medium 
intensity (Figure 3).  The developed high intensity has an area of 2.6 square miles. Areas that 
correspond to the developed high intensity category are the University of Michigan Hospital, 
the University of Michigan campus, downtown Ann Arbor, and the business districts. 
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Figure 3. US National Land Cover Type for Ann Arbor, MI.
Food Availability: NDVI
The NDVI data for Ann Arbor indicates that the selected area is covered with 
medium and high vegetation represented by yellow and green areas (Figure 4). Note that the 
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bright red band that goes from the northeast corner to the west side of the map is the Huron 
River, and because red and near-infrared bands cannot penetrate the water surface the image 
translates as little to no vegetation. The central area, where downtown Ann Arbor is located, 
is mostly sparse or no vegetation represented by red with areas in yellow (medium 
vegetation). The sparse to no vegetation area is 0.6 square miles, medium vegetation is 9.0 
square miles, and high vegetation is 11.5 square miles (Figure 4).
Figure 4. Normalized difference vegetation index (NDVI) for Ann Arbor, MI. The black dots 
represent the community gardens chosen for the cost analysis. 
Food Accessibility: Cost Distance Analysis
The cost distance analysis showed that the largest distance that can be traveled to 
possible food sources with low-cost barriers or no barriers interfering with the pollinators is 6 
miles (Figure 4). The areas in Ann Arbor that would cause pollinators to use more energy up 
with their movements are the southwest corner, north-north-west, north, and east areas 
(Figure 5). The average distance in the high-cost areas is 0.2 miles which is slightly less than 
the 0.25 miles a pollinator on average can travel.
Figure 5. Results of a cost distance analysis for movement of pollinators within Ann Arbor, 
MI. The colors represent distance pollinators can travel calculated with data on building 
